Turkey Low-and middle-income countries a b s t r a c t Objective: Turkey was included in the Bloomberg Philanthropies funded Global Road Safety Program (2010e14) with Ankara and Afyonkarahisar (Afyon) selected for interventions to manage speed and encourage seat-belt use. The objectives of this study are to present the monitoring and evaluation findings of seat-belt use and speed in Afyon and Ankara over the five years and to assess overall impact of the program on road traffic injury, and death rates in Turkey.
Introduction
Road traffic injuries (RTIs) are a major cause of global mortality and morbidity, accounting for 1,328,536 (2.5%) deaths and 81,577,000 (3%) disability-adjusted life years (DALYs). 1 Although middle-income countries only possess 53% of the world's registered vehicles, 74% of all road traffic deaths take place there. 2 As of 2013, the RTI fatality rate in middle-income countries was 18.4 per 100,000 population, whereas it was 17.4 per 100,000 population globally and only 9.2 per 100,000 population in high-income countries. 2 The Republic of Turkey is an upper middle-income country in the European Region. According to the 2010 Global Burden of Disease study, RTIs were the 15th leading cause of death and 10th leading cause of DALYs lost in Turkey. 3 The economic cost of RTIs to Turkey is also extensive; in 2000 it was estimated that productivity losses caused by RTI amounted to US $2.6 billion. 4 In light of the rising public health concern that RTIs pose worldwide, Bloomberg Philanthropies funded a 5-year Global Road Safety Program to reduce deaths and serious injuries on the roads of ten low-and middle-income countries (LMICs). 5 The Republic of Turkey was one of the ten countries selected for this program, and Ankara and Afyonkarahisar (Afyon) were chosen as sites where interventions to manage speed and encourage seat-belt use were implemented. From 2010 to 2014, interventions including social marketing campaigns; enhanced police enforcement; legislative advocacy; and training for police, journalists, and academics were implemented. National, regional, and international partners worked collectively to implement this multisectoral program. The Global Road Safety Partnership worked with local partners to strengthen the capacity of regional traffic police. The Johns Hopkins University International Research Unit worked with the Middle East Technical University (METU) to monitor and evaluate the interventions. The Association for Safe International Road Travel worked with local advocacy organizations and journalist advocate for legislative changes. The World Health Organisation (WHO) took the lead in developing social marketing campaigns, which were aligned with enhanced enforcement. Seat-belt use was the early focus in the program with the launch of social marketing campaigns in Afyon in 2011 and Ankara in 2012 with enhanced enforcement in 2012, whereas interventions related to speeding were introduced in 2013. A good case study emblematic of project activities, describing implementation in Afyon is available, 6 and we provide a general outline in Table 1 .
The primary goal of this study is to present the monitoring and evaluation findings of seat-belt use and speed in Afyon and Ankara over the five years. The specific objectives are to (1) assess time trends of observed and self-reported seat-belt use and speeding in Afyon and Ankara between 2010 and 2014;
(2) compare observed and self-reported seat-belt use and speeding with police enforcement data in Afyon and Ankara between 2011 and 2014; and (3) assess the overall impact of the program on health outcomes and on the political environment in Turkey. This article hopes to contribute to further sustainability of road safety in Turkey and other middle-income countries.
Methods
Over the five-year period of this program, complementary research methods were used to establish a baseline and conduct continued monitoring and evaluation activities; details about the baseline (first round) can be found in Puvanachandra et al., 2012. 7 Monitoring and evaluation activities relied on primary data collection conducted in country, as well as secondary data from the Turkish National Police Statistics Department, and the Turkish Statistical Institute (TurkStat).
From 2010 to 2014, thirteen rounds of observations for seatbelt use, seven rounds of observations for speeding, seven rounds of roadside interviews for seat-belt use, and seven rounds of roadside interviews for speeding were conducted (Table 2) .
Observations were conducted and recorded by trained researchers using standardized observation protocols and data recording sheets. 8 Observational sample size was calculated to detect semi-annual statistically significant change (P-value 0.05) in risk factor prevalence of 3% or higher with a design effect of 3. At their respective locations, two researchers recorded seat-belt use among drivers and front-seat passengers; one of the researchers was responsible for observing seat-belt/child restraint use by vehicle occupants, identifying vehicle type, number of occupants, age and sex of the vehicle occupants, and dictating data, whereas the other researcher was responsible for recording data in the observation form. Two different researchers measured vehicle speeds using hand-held radar guns; one was responsible for recording the free-flow speed using radar equipment, identifying the vehicle type, and dictating data. The second researcher was responsible for recording data in the observation form. Observations at each location were conducted simultaneously during four 90-min time segments over two days per round (Tuesday and p u b l i c h e a l t h 1 4 4 ( 2 0 1 7 ) S 4 5 eS 5 6 Saturday in Afyon; Wednesday and Sunday in Ankara). The total sample sizes for seat-belt observation were 429,342 in Afyon and 709,823 vehicles in Ankara with an average of about 33,026 and 54,602 vehicles, respectively, per round (Table 2a ). The total sample sizes for speeding observation were 71,939 in Afyon and 140,462 vehicles in Ankara with an average of about 10,277 and 20,066 vehicles, respectively, per round.
Drivers were randomly recruited for interviews at car parks, shopping centers, and other suitable locations. Details concerning the roadside interview data collection procedures can be found in Milder et al. 9 and € Ozkan et al. 10 The total sample sizes for the seven rounds of seat-belt interview were 1847 for Afyon and 3879 for Ankara with an average of about 264 and 551, respectively, per round (Table 2b ). The total sample sizes for interviews on speeding were 1846 and 3846 with an average of about 264 and 549, respectively, per round.
Secondary data were collected from two existing data sources. Enforcement data for the two sites and for Turkey were provided by the Turkish National Police Statistics Department on a yearly basis; and the Traffic Accident Statistics Reports were acquired from Turkish Statistical Institute. 11, 12 Primary data were entered and cleaned on-site in Turkey and jointly analyzed by US and Turkish collaborators. Descriptive statistics of mean, standard deviation, and proportions were calculated to assess the prevalence over time for both risk factors. Subsequently, Chi-squared test was used to assess the trends in seat-belt observation as well as seat belt and speed roadside interviews. 13 One-way analysis of variance was employed to determine whether there were significant differences between the means of the speed observations. 13 Finally, odds ratios (ORs) and corresponding 95% confidence intervals (95% CI) were calculated using logistic regression models to examine whether any difference between observations and the baseline (first round) could have occurred by chance. 13 Secondary data were analyzed using descriptive statistics such as mean, proportions, and rates. All analyses were conducted using STATA Statistical software 14 and Microsoft Excel.
This study received ethical approval from the Johns Hopkins Bloomberg School of Public Health Institutional Review Board in Baltimore, Maryland, USA and the Applied Ethics Research Centre of METU in Ankara, Turkey.
Results
The percentage of seat-belt use by drivers and front-seat passengers in Ankara increased significantly during the five years (21.2%e37.1%; Fig. 1 ; P < 0.005 for drivers and P < 0.005 for passengers). When disaggregated, findings revealed that the percentage of seat-belt use by drivers was consistently higher than the percentage of seat-belt use by front-seat passengers for all 13 rounds of observations. When compared to the baseline (round one), findings showed that the odds of seat-belt use among drivers in Ankara more than doubled during the last four rounds (range: OR ¼ 2.1e2.3). l This was also true for seat-belt use among front-seat passengers in Ankara (range: OR ¼ 1.9e2.2; Table 3a ).
Unlike the steady increase in Ankara, seat-belt use in Afyon showed dramatic increase (P < 0.005 for drivers and P < 0.005 for passengers). The percentage of seat-belt use by 
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drivers and front-seat passengers spiked from about 6.8% in November 2011 to about 50.0% in 2012 and in June 2013, made another jump reaching almost 73.0%; this was subsequently followed by a steady decline ( Fig. 1 ). Similar to Ankara, the percentage of seat-belt use by drivers was always higher when compared to the percentage of seat-belt use by front-seat passengers. When compared to baseline, the odds of seatbelt use among drivers in Afyon increased by more than 25 times during the 5th round (OR: 25.5; 95% CI: 23.88e27.12) and more than 80 times during the 9th round (OR: 82.1; 95% CI: 76.86e87.70). Similarly, the odds of seat-belt use among frontseat passengers were found to be almost 20 times higher (OR: 19.2; 95% CI: 17.19e21 .33) during the 5th round and 40 times higher (OR: 42.1; 95% CI: 37.74e46.94) during the 9th round as compared to the baseline (Table 3b) . When disaggregated by vehicle types, the odds of seat-belt use by drivers of private cars were statistically significantly higher when compared to drivers of other vehicle types (Table 4 ). In Ankara, for example, seat-belt use among nonprivate car drivers remained almost entirely below 5%, whereas in Afyon, seat-belt use increased for all vehicle types but decreased more sharply for non-private car drivers ( Fig. 2a and b) .
The percentage of self-reported seat-belt use during roadside interviews increased in Afyon from 38.9% in April 2011 to 83.2% in October 2013 and then decreased to 71% in October 2014 (P < 0.005). In Ankara, the percentage of self-reported seat-belt use increased steadily from 44.7% in April 2011 to 70.4% in October 2014 (P < 0.005; Fig. 3a ).
Secondary data showed a similar trend to both the observations and roadside interviews. The number of tickets issued for not wearing a seat belt in Afyon was less than 2100 between 2009 and 2011. This increased five times in 2012 followed by a decline to 839 tickets in 2014. In Ankara, the number of tickets issued for not wearing seat belt actually decreased from 15,585 in 2009 to 5462 in 2011 and then spiked 
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to 73,911 in 2013 followed by a decline to 3869 in 2014 (Turkish National Police (TNP), 2014; Fig. 4a ). Speed-observation results showed that in 2012, more than 60.0% of vehicles in Afyon drove above the speed limit on roads where the limit was 30 km/h. In 2013, however, the speed limits on these roads were increased to 50 km/h; accordingly, our study found less than 3.0% of vehicles driving above the speed limit in 2013 and 2014 (Fig. 5a ). The average speed, on the other hand, ranged from 31e34.7 km/h (P ¼ 0.024).
Results also showed that in 2012, about 22.6%e35.6% of vehicles in Afyon drove above the speed limit on roads where the limits were 50 km/h. The speed limits for these roads were also increased to 60 km/h in 2013; as a result, our study found only 12.0% of vehicles driving above the speed limit in June 2013. These percentages, however, increased to about 25% between October 2013 and October 2014. The average speed increased significantly from 46.3 km/h in 2012 to about 52.7 km/h in 2014 (P < 0.005; Fig. 5a ).
In Ankara, the percentage of vehicles driving above the 50 km/h speed limit ranged between 45% and 60% from 2012 to 2014. The average speed remained less than 55 km/h during the project period (range: 50e54 km/h; P < 0.005). On roads where the speed limit was 70 km/h, results showed that the percentage of vehicles driving above the speed limit decreased from 76.3% in 2012 to 22.4% in 2014. It is important to note that in 2014, this speed limit increased to 82 km/h for private cars at one of the observation location; despite this hike in speed limit, the average speed on these roads also decreased significantly from 80.6 km/h in 2012 to 68.44 km/h in 2014 (P < 0.005; Fig. 5b ).
The proportion of survey respondents who reported having received tickets for speeding in the past year increased significantly in Afyon from 27.1% in April 2011 to 34.7% in October 2014 (P ¼ 0.04; Fig. 3b ). In Ankara, the percentage of survey respondents who reported having received tickets for speeding in the past year also increased significantly from 17.6% in April 2011 to 28.9% in October 2014 (P < 0.005) (Fig. 3b) .
In Afyon, the number of tickets issued for exceeding the speed limit ranged 12,500e18,000 throughout the five years. In Ankara, the number of traffic tickets issued increased from 51,000 in 2009 to about 71,000 in 2013 and 155,990 in 2014 ( Fig. 4b ).
Police and gendarmerie data showed that the crash rate in Turkey for 2013 was 1574.8 per 100,000 population; this was more than that of 2008 (1328.5 per 100,000 population). 11 The crash rate per 100,000 population in Afyon and Ankara also exhibited similar increasing trend (Fig. 6 ). Crash rates for Ankara were consistently higher during the 2008e2013 period as compared to national rates, whereas the crash rates for Afyon were consistently lower. The rate of injury per 100,000 population also increased steadily during the 2007e2013 period at the two sites and at the national level. The injury rates at the national level had been consistently lower than the two sites during the period with Afyon reporting the highest rates ( Fig. 6 ). 11 Afyon experienced a much higher death rate per 100,000 population (13.0) as compared to the national rate (4.8), whereas Ankara experience a lower rate of 3.2 per 100,000 population. Overall, during the past seven years, the death rate has decreased slightly at the national level and in Ankara. Although Afyon's rates per 100,000 population also decreased since 2007 (17.0), the 2013 rate is slightly higher than the previous year (10.1) 11 (Fig. 6) . p u b l i c h e a l t h 1 4 4 ( 2 0 1 7 ) S 4 5 eS 5 6
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These findings over five years indicate that the Global Road Safety Program appears to have been associated with increase in seat-belt use in Ankara and Afyon in Turkey. The rates of seat-belt use among drivers and front-seat passengers increased significantly in both Afyon and Ankara. Triangulating these observations with results from roadside interviews and the enforcement data procured from the Turkish National Police revealed a consistent pattern of increased seat-belt use in the two cities. This increase can be associated with the interventions implemented by the Global Road Safety program in collaboration with the local partners who were also able to garner the support of high-level political leaders resulting in strong enforcement efforts. For example, as a part of the program, the WHO approached the governor of Afyon to convince him about the importance of road safety and to urge him to provide his full support for the implementation of the program. The newly elected governor was receptive and issued a circular in 2012 mandating all public officials to wear seat belts. 15 He also served as a role model and publically demonstrated his commitment by wearing his seat belt in the media. The project also received the support of the head of Afyon's Police Department, leading to enhanced enforcement in the city. 6 In late 2013, however, the head of the traffic police department was rotated out, and an individual who had been previously working on anti-terrorism issues in Turkey assumed the position. This new head was not entirely onboard to the importance of road safety, leading to a decline in enforcement efforts, which could potentially explain the drop in seat-belt use in Afyon. The effectiveness of strong enforcement efforts is consistent with existing literature, which has shown that seat-belt use is higher in states where there is primary enforcement of seat-belt use. 16 Also, in 2014, a new governor was appointed in Afyon, and there was comparatively a reduced focus on road safety; this is consistent with political science literature, which has shown that changes in administrations can result in changes in policy priorities. 17 Seat-belt use among drivers was found to be consistently higher than among front-seat passengers; this was true for all rounds of observations and consistent with existing literature that have explored seat-belt wearing rates in countries such as Nigeria, Pakistan, Egypt, Mexico, and Russia. 18e20 Moreover, non-private car drivers used seat belts less than private car drivers; in Ankara, for example, seat-belt use among nonprivate car drivers remained below 5% during the entire project period. This may be explained by the presence of a 'loophole' in the law that had exempted commercial car drivers from wearing seat belts in Turkey.
Our findings also indicate that the burden of speeding is high for both Afyon and Ankara and are consistent with findings in Turkey, which have shown a high percentage of Fig. 3 e a. Self-reported seat-belt use in Afyon and Ankara, 2011e2014. b. Self-reported receipt of ticket (fine) for speeding in the past year. p u b l i c h e a l t h 1 4 4 ( 2 0 1 7 ) S 4 5 eS 5 6 S51 vehicles drive above the speed limit in Ankara. 21 Although social marketing and increased enforcement were implemented and improvements in speed reduction were observed in both sites, the increase in speed limits complicates the attribution of these changes to program related activities. Additionally, the increase in average speed at most locations indicates limited improvement in speed reduction. Triangulating with the roadside interviews revealed that only about one-third of interviewed respondents in both sites reported getting tickets for speeding in the past year. As compared to the baseline, the proportion of respondents that received speeding tickets was significantly higher during the last rounds; this could be explained by the fact that intervention for speeding commenced in December 2013 (much later than seat belt), although the number of tickets issued for speeding indicate variable enforcement. 12 The program helped the issue gain increasing attention in the country. In April 2013, for example, the United Nations Decade of Action for Road Safety was officially launched in Turkey by the current President (and former Prime Minister) Mr. Recep Tayyip Erdo gan, who declared road safety to be the second most important problem in the country. It was also decided that the government would extend the road safety program to all 81 provinces in Turkey. This is consistent with existing literature, which has shown that transnational influences including resource provision and promotion of global norms are one of the many factors that can help neglected public health issues gain priority in a country. 22 The monitoring and evaluation findings were critical to stimulate changes in road safety policy and capacity of police to monitor trends in risk factors over time. Seat-belt wearing rates among commercial car drivers, e.g. were found to be much lower than private car drivers for both sites; due in part to a loophole in legislation that exempted commercial car drivers from wearing seat belts. Accordingly, the program partners used these findings to advocate for legislative change, and in 2014, regulation article 150 was successfully amended, nullifying almost all exemptions. The success of Afyon and Ankara at increasing seat-belt wearing rate sparked the interest in other provinces in tackling road safety and in the monitoring and evaluation of road safetyerelated risk factors. As a result, capacity-development workshops were 
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conducted for police personnel from 81 cities in the country. Thereafter, General Directorate of Security (GDS) carried out the country's first two nationwide seat-belt observations in 2013 and 2014 using the same standardized methodology as this study. This undertaking was highly significant given the gaps in the current data system and the dearth of studies related to road safety risk factors in Turkey.
Despite some improvements, it is difficult to conclude that the Global Road Safety Program had any directly measurable quantitative impact on crash, injury, or death rates in the sites. We found that the crash and injury rate actually increased over time, and the trend at intervention sites did not differ significantly from each other or the national level. The lack of comparison sites specifically matched with the interventions' sites that prevented us from comparing the effects of these interventions in settings with no program implementation.
The attribution is further confounded by challenges that include secular trends, program period not long enough to capture changes in impact, and the presence of other ongoing road safety programs in Turkey like the Traffic Responsibility Action project led by the Ministry of Transportation, and the 'Traffic is Life' project supported by Do gus Group, a private company.
This 'real-world, large-scale road safety evaluation' 8 provided insights about the impact of seat belt and speed interventions implemented in Turkey as a part of the Global Road Safety Program. To our knowledge, this is one of the first studies undertaken in this middle-income country to monitor road safety risk factors and to evaluate associated interventions over a 5-year period. This study also used multiple data collection methods to monitor and evaluate the two risk factors. Primary and secondary data were triangulated, revealing levels of consistency that enhanced the validity of this study results. 23 Despite these strengths, however, this study has several limitations. The research team was only able to observe two risk factors in two provinces at specific time intervals during the daytime only, interspersed over months. Accordingly, findings are not representative of the country or the complete calendar year, thereby limiting generalizability. Observational findings might have been biased upward as residents of the two provinces might have become aware of the repeated observations conducted as part of this study resulting in changes in their behaviors when the data collectors were present. Limited ability to observe two-point seat belts for bus drivers and drivers of similar vehicle might be associated with underestimating seatbelt use among this group of drivers. High traffic density (high number of vehicles) might have adversely affected speed measurement of vehicles in lane/s further away from the speed radar. This could have biased estimates downward.
Roadside interview participants who had agreed to be a part of the roadside interviews may be more aware of road safety as compared to those who declined leading to an upward bias. Finally, social desirability bias may be associated with overestimation in self-reported use of seat belts; participants may, e.g. choose to report that they always wear seat belts as it could be perceived as more desirable.
In terms of secondary data, the number and rate of road trafficerelated crash, injuries, and deaths were primarily acquired from the Annual Traffic Accident Statistics Report prepared by the GDS and TurkStat. There are several limitations associated with this data source. Road-traffic crashes, injuries, and fatalities may have been underestimated due to misreporting or failing to report. As with other LMICs, many crashes are not reported to the police in order to avoid costs associated with insurance and fines. Only fatalities that occurred at the scene are reporteddthose which occurred within the official 30 days after RTI definition of a road traffic fatality are currently not reported.
In order to continue to monitor progress and inform road safety policies, it is recommended that Turkey continue monitoring of road safety risk factors. GDS should continue to carry out observational studies for seat-belt use at the national and provincial level. TurkStat could incorporate road safety related questions into their data collection activities. Both of these would ensure availability of data for evidence based in decision making for road safety.
Conclusions
RTIs is a significant public health problem in Turkey. The study revealed that the Global Road Safety Program has contributed to some improvements in road safety in Turkey particularly as it relates to increasing seat-belt use and drawing political attention to the issue. However, the monitoring and evaluation findings revealed limited improvements in speed reductions.
There is a great need for the achievements made in Afyon and Ankara, and the monitoring and evaluation of road safetyerelated risk factors to be improved and sustained. The excitement surrounding road safety in Turkey as evidenced by the launching of the Decade of Action for Road Safety, the eagerness of other provinces to tackle the issue as well as the country-wide seat-belt observations led by GDS reveal that there is clearly motivation and will within Turkey to do something substantial toward reducing RTIs. We are optimistic that future implementation of road safety programs will be matched with a robust evaluation program, with suitable controls, in order to begin to understand the intervention-related factors that influence outcomes related to crashes, injuries, and deaths.
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